Ss who successfully completed a week of perceptual isolation showed no significant changes in urinary excretion of adrenaline and noradrenaline relative to a group of control Ss. They also showed no changes on a behavioral measure of subjective stress and mood. Isolation "quitters," i.e., those who failed to complete the prescribed period, also showed no change in noradrenaline. Their urinary excretion of adrenaline, however, increased, but only in Ss who terminated isolation late in the 1-wk period. Perhaps the most important characteristic of the isolation quitters was the presence of a significantly lower baseline level of adrenaline, relative to that of the successful experimental Ss, not only prior to isolation but also many months after its termination. No such difference was found for noradrenaline. These results seem to suggest that isolation quitters may be biochemically or "constitutionally" different from volunteers who can successfully complete a prolonged period of perceptual isolation.
Various investigators have reported that prolonged exposure of human subjects (Ss) to either sensory or perceptual deprivation is a stressful experience (Bexton, Heron, & Scott, 1954; Myers, Murphy, & Terry, 1962; Smith & Lewty, 19S9; Zuckerman, 1964) . If isolation is as stressful as these reports suggest, one might expect an increase in the activity of the sympathetic adrenal system, particularly in the light of numerous studies indicating its involvement in various stressful situations of a psychological nature (e.g., Elmadjian, Hope, & Lamson, 1957; Frankenhaeuser & Patkai, 1964; Funkenstein, King, & Drolette, 1957; Levi, 1964; Selye, 1950; Stoner, 1960) . Unfortunately, little relevant data are available on the effects of isolation. Only one exploratory study, performed at McGill University, has been concerned with possible changes in adrenal activity during prolonged periods of isolation (Murphy, Kurlents, Cleghorn, & Hebb, 1955) . Urinary measures of 11-oxycorticoids were taken from nine Ss before and during l|-6 days of perceptual deprivation (unpatterned light and constant noise). Since no consistent increase in the excretion of corticoids occurred, it was concluded that under isolation the "adrenal cortex is not activated to a greater degree than it is by the minor exigencies of everyday life [p. 1063] ." In view of these negative results, a study was conducted to determine whether the activity of the sympathetic adrenomedullary system, as measured by the urinary excretion of adrenaline and noradrenaline (catecholamines), would similarly be unaffected by prolonged periods of deprivation. Although catecholamine determinations have been performed in three earlier studies, all of them employed deprivation periods of less than a day (Cohen, Silverman, & Shmavonian, 1962; Mendelson, Kubzansky, Leiderman, Wexler, Dutoit, & Solomon, 1960; Schaefer, 1964) . Furthermore, the results revealed no consistent pattern of biochemical changes during the isolation period.
METHOD
A group of 31 male university students were placed individually in an air-conditioned isolation chamber for a prescribed period of 1 week. Of this group, 18 successfully endured the week while 13 were unable to do so (M duration = 56 hours). This latter group will be referred to as the unsuccessful 5s or "quitters." All Ss wore trans-lucent goggles and a set of earmuffs through which white noise was constantly presented somewhat above the threshold of hearing. Further details of the isolation chamber and the experimental procedure are available in an earlier publication (Zubek, Aftanas, Hasek, Sansom, Schludermann, Wilgosh, & Winocur, 1962) . Since the recumbent position, which 5s maintained most of the time because they had nothing to do, is known to decrease the output of both adrenaline and noradrenaline (Euler, Luft, & Sundin, 1955; Sundin, 19S8) , a group of 20 recumbent controls were placed individually inside the chamber for 1 week. Two of them terminated the condition prematurely. These control 5s were permitted the use of reading material, a radio, and were frequently visited by the experimenters (£s). Furthermore, the walls were covered with brightly colored pictures. The two doors to the chamber were left open at all times. Both the controls and the experimental Ss were housed in the same chamber in order to control for the possible effects of suggestion resulting from their placement in a novel or unusual laboratory situation. All of the controls had initially volunteered as experimental Ss.
Urine samples were taken at 24-hour intervals for 3 days prior to the experiment, at daily intervals during the experiment, and for 2 days after its termination. Thus, twelve 24-hour urine samples were taken from each experimental and control S who successfully completed the 1-week period. A further 24-hour urine sample was obtained from 18 recumbent controls and 14 of the 31 experimental 5s approximately 6 months after completion of isolation (8 successful Ss and 6 quitters). The remainder could not be tested since they were no longer in the city. The catecholamine determinations were performed by the fluorimetric procedure of Euler and Lishajko (1961) and were expressed as total excretion per 24-hour period.
In addition to these chemical analyses, an appraisal was made of Ss' affective state by two paper and pencil tests. The first was the Subjective Stress Scale (SSS) which has been shown to differentiate well between individuals who have experienced situations inducing various degrees of stress (Berkun, Bialek, Kern, & Yogi, 1962; Myers, 1964) . The SSS is a IS-item Thurstone scale, with higher scores indicating more adverse reactions. The second test, developed by Myers, Murphy, Smith, and Goffard 2 specifically for the isolation condition, is a measure of overall mood. It consists of a 114-item adjective check list which 5 answers as applying "not at all," "somewhat or slightly," or "mostly or generally" to him during a particular time period. Both the mood test and the SSS were administered at daily intervals before, during, and after the experimental period, that is, at intervals corresponding to the 24-hour urine samples. Figure 1 summarizes the results on noradrenaline, the peripheral neurohormone of the sympathetic nervous system (Euler, 19S6) . It can be seen that both the successful and unsuccessful experimental 5s (the quitters) show a noradrenaline pattern similar to that of the controls. An analysis of variance revealed that all three groups showed a significant decrease in mean urinary excretion of noradrenaline during the experimental period relative to their "pre-and post-" experimental levels (p's < .001). None of the differences among the three groups, however, were statistically significant. Figure 2 summarizes the results on adrenaline which is the main constituent of catecholamines secreted by the adrenal medulla. Again, there was no significant difference in mean excretion level between the successful experimental 5s and the controls relative to their pre-and postexperimental levels. Both groups showed a significant decrease in adrenaline while in the chamber (P's < .02). This decrease in adrenaline, together with that for noradrenaline as indicated in Figure 1 , probably resulted from the recumbent position maintained most of the time by all 5s (Euler et al., 1955; Sundin, 1958) . The quitters, on the other hand, were characterized by a complex pattern of changes. First, the adrenaline level during isolation was related to their endurance. The early quitters, that is, those who terminated the condition within the first 2 days, showed an adrenaline excretion level which was not significantly different from either their preisolation (Preday 2 and 3) or postisolation (Postday 2) baseline levels. The late quitters, however, showed a significant increase in adrenaline relative to their "preand post-" baseline level after the second day of isolation (p's < .05) but not during the first 2 days. A possible explanation of this difference between the two types of 5s may be that the early quitters terminated isolation at the first indication of discomfort and unpleasantness, and thus showed no change in adrenaline level. On the other hand, the adrenaline increase in the late quitters may be a reflection of an accumulating, growing Urinary excretion of noradrenaline (24-hour output) in two experimental groups and one control group before, during, and after a 1-week period. (The figures in parentheses refer to the number of unsuccessful experimental subjects or "quitters" of the original group of 13 who remained in isolation for a specified number of days, for example, 10 subjects completed at least 1 day; the remaining 3 terminated isolation very early in the first day, voiding either no urine or an insufficient amount to permit a biochemical analysis. Furthermore, of the 10 subjects only 3 remained in isolation to the end of the fifth day.) emotional tension developing over time. Furthermore, this adrenaline increase may have produced certain psychological changes which precipitated the termination. This interpretation is supported to some degree by the fact that the scores on the SSS were significantly higher in the late than in the early quitters (p<.Ql).
RESULTS AND DISCUSSION
A second characteristic of the unsuccessful Ss, as indicated in Figure 2 , was the presence of a significant increase in adrenaline on the day prior to isolation, relative to Preisolation Days 2 and 3, and relative to the changes shown by the other two groups of Ss (p's < .OS). A similar increase in preisolation noradrenaline level, although not as noticeable, can be seen in Figure 1 . Further analysis of this phenomenon revealed that the quitters who showed the greatest preisolation increase in adrenaline tended to terminate isolation the earliest. The correlation, however, was not significant (rho = -0.28). The presence of a high catecholamine level prior to an experiment has also been noted in other studies, for example, immediately before centrifuge (Goodall & Herman, 1960) or drug studies (Elmadjian et al., 1957) , and is believed to be indicative of apprehension about experimental participation. This "apprehension" effect was clearly evident in the results of the stress scale (see Figure 3) . However, contrary to what might be expected from the catecholamine data, both the isolation quitters and the successful experimentals showed a significant increase in stress score on the day prior to the experiment and relative to the preceding 2 days (p's < .05).
The third, and perhaps the most important, characteristic of the quitters was the possession of a preisolation baseline level of adrenaline (Preday 2 and 3) which was significantly lower relative to that of the successful experimental 5s (p < .01). This low excretion level was also seen 2 days after termination of isolation (p < .01) as well as 6 months later (p < .OS). No such difference between the two types of experimental Ss occurred in the noradrenaline baseline level. Since this adrenaline baseline difference seems to be a stable characteristic, persisting over many months, it would appear that isolation quitters may be biochemically or "constitutionally" different from volunteers who can endure a prescribed period of prolonged isolation. In view of these results, further research is required to determine whether other biochemical differences may exist between these two types of isolation Ss. The presence of this biochemical difference suggests that these Ss may also differ in personality. This does not appear to be the case. Administration of the Rorschach, MMPI, Edwards Personal Preference, and the Thurstone Temperament Schedule prior to isolation indicated that no single personality characteristic measured by these tests significantly differentiated the successful from the unsuccessful Ss, a finding also observed in two earlier studies from this laboratory (Hull & Zubek, 1962; Wright & Zubek, 1966) . The adrenaline excretion of the recumbent controls is interesting in two respects: First, their pre-and postbaseline levels fell in the range between the baseline levels of the successful and unsuccessful isolation Ss. This might be expected since these controls can be considered to consist of both potential isolation quitters and successful Ss, particularly since they all volunteered initially as experimental Ss. Second, both Ss who terminated the control condition prematurely showed an abnormally low baseline level of adrenaline before and after the experiment (range = 0.50-2.70 /tg. per 24 hours). Al- 
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Urinary excretion of adrenaline (24-hour output) in two experimental groups and one control group before, during, and after a 1-week period.
though these results are based on only two "control quitters" they do suggest that low adrenaline baseline levels may be predictive not only of isolation intolerance but also of the inability to successfully endure other types of related conditions, for example, prolonged bed rest or restricted motor activity. An analysis of the 24-hour urine volume of the successful experimentals revealed a progressive decrease in excretion during the week of isolation, a decrease significantly greater than that shown by the recumbent controls (p < .001). This decreased urine volume was still present 2 days after termination of isolation (p < .01) but was back to the preexperimental level 6 months later. No significant difference in total fluid intake of the two groups of 5s occurred during the 1-week period. A similar progressive decline in urinary volume, independent of fluid intake, has also been reported by Winters (1963) in monkeys who were placed in darkness and silence for 14 days. Since water consumption was not reduced in either experiment, this decreased urinary volume may be a primary response possibly "triggered" by a greater production of the antidiuretic hormone of the pituitary gland. This suggestion of a possible pituitary disturbance is further supported by a recent study in which an increased production of the pituitary thyroid-stimulating hormone occurred after 8 hours of sensory deprivation (Zuckerman, Persky, Hopkins, Murtaugh, Basu, & Schilling, 1966) .
A decrease in urine volume was also observed in the unsuccessful experimental 5s with the exception of the four late quitters who showed a considerable increase after the second day of isolation. No significant correlations were found between urine volume and adrenaline and noradrenaline excretion for the preexperimental, experimental, and postexperimental periods, a finding also reported in an earlier study on short-term perceptual deprivation (Mendelson et al., 1960) .
In Figure 3 it can be seen that the successful isolation 5s show a higher subjective stress score, relative to the recumbent controls, during the 1-week experimental period. This difference, however, was not significant with respect to either their pre-or postexperimental baseline scores (Preday 2 and 3; Postday 2). On the other hand, the isolation quitters show a significant increase in stress score after the first day of isolation, relative to the other groups of 5s (p's < .01). These results, therefore, closely parallel those of the catecholamine determinations. Figure 3 also shows a marked "apprehension" effect, as indicated by significantly higher stress scores, in the isolation but not in the control Ss on the day prior to the experiment and relative to the 2 preceding days (p's < .05). This effect is shown by both the isolation quitters and the successful 5s and to approximately the same degree.
The results on the mood scale indicated that both the successful and unsuccessful experimental 5s were characterized by a more negative mood during isolation than were the controls. None of the differences, however, were significant. Furthermore, the mood scale revealed no indication of a preexperimental apprehension effect in any group of 5s.
These findings, together with the McGill data on 11-oxycorticoids, suggest that neither the adrenocortical nor the sympathetic adrenomedullary systems are activated to any noticeable degree by prolonged periods of perceptual deprivation. Although isolation 5s may report a variety of affective disturbances, as indicated in some of the literature, these do not appear to be reflected either on the behavioral measures or in the biochemical indexes of stress that have so far been employed. It is possible, though, that other chemical substances such as 17-ketosteroids and 17-ketogenic steroids may increase during prolonged isolation, especially since the excretion of both these adrenocortical substances was recently shown to be greater during short-term sensory deprivation (Zuckerman et al., 1966) . It is also possible that increased activity of the sympathetic adrenal system might have occurred in the successful 5s if the isolation condition had been made unusually severe by elimination of all intercommunication between the isolated 5 and Es. Some indirect evidence for this hypothesis has been provided by the Russian investigators, Gorbov, Miasnikov, and Yazdovsky (1963) , who reported an increase in 17-ketosteroids in 5s socially isolated for IS days under a condition of no intercommunication. However, in experiments where some degree of two-way communication was introduced, no changes in 17-ketosteroid output were observed. Severity of the perceptual deprivation condition may, therefore, be an important variable in accounting for these results.
Although 5s who successfully endured a week of perceptual deprivation showed no increase in urinary catecholamines, a heightened level was observed in the late isolation quitters. The results, however, were differential in nature. A significant increase in adrenaline but not in noradrenaline was found to occur. A similar differential pattern has also been observed in other "stress" conditions, for example, during water immersion (Goodall, McCally, & Graveline, 1964) , performance of insolvable tests (Frankenhaeuser & Patkai, 1964) , and in psychiatric patients during a staff interview (Elmadjian et al., 1957) . Although the reasons for this differential pattern are not clear, such results might be expected in view of the different site of production of adrenaline and noradrenaline (Euler, 1956) .
